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(54) EVALUATION METHOD FOR SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a highly reliable method for 
evaluating a semiconductor substrate. 

SOLUTION: A wafer 1 10 to be evaluated is mounted on a stage 101 and 
the position and angle of wafer 1 10 are adjusted at a control processing 
section 108. The wafer 1 10 on the stage 101 is then irradiated sequentially 
or simultaneously with X-rays, argon laser light and YAG laser light from a 
light source section 102 and the reflected light or fluorescence is detected 
by means of a condenser 104 or a light receiving unit 105 in order to 
perform fluorescent X-ray analysis, locking curve measurement, PL 
inspection and detect inspection of the wafer 1 10. Respective 
characteristics measured through the inspection process are compared with 
the final pass/fail decision results for a semiconductor laser made of a wafer 
110 passed through the inspection process and the evaluation criterion of 
wafer 10 is determined or corrected. 
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' NOTIOiS ' 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. Hiis document has been translated by computer. So the translation may not reflect the original precisely. 

2. " M shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

CLAIMS ~ ' 

[Claim(s)| ~ 
[i'S v ValUa !! 0n T" r d , ° fl , hC seini,;onlJuc,or subslralc characterized by providing the following Substrate maintenance process in 
online aThvins ,. !U ' g C ^J^^^J"^^ SUbs,ra,C which wtK ™ in ,his in^Stalion base are adjus cd b , e 

SSJftr^i^iT™^ SUbS,n,lC CValUa " n8 in a " imli,llali0n hase B >' irradi!l,in 6 «™ ^ more kinds of evaluat o„ L„ 
used for wo or more lands of evaluations sequential or simultaneous from two or more kinds of light sources at the aforementioned 

the aforementioned installation base, and detecting the reflected light or the fluorescence L ~ by two or 

more kinds of light sensitive cells, respectively I wo or more aforementioned kinds of properties measured in the inspection process which 

measures two or more kinds of properties of the aforementioned semiconductor substrate, and this inspection n^rn^MT 

SCrTud^riT " P ' CCd ^ af ° rCmem ^mc which passed L4 thifin^ecL 

SSl 2 ' m ° v i?'! 0 " mel ^° d ° f " le senii<;onducI<,r s «bstrate according to claim I characterized bv including either X line source an 
X Trl 1 2 Y f °, laSCr a ' ea . Sl f * he "to*-™"™** light source used in the aforementioned inspection pi-ess. ' 
Jmi^SS?^ °. f c,n , iconduc r r s , ubstratc acwrdin 8 10 claim I characterized by including either the scintillation 
Hhh l£ . ?£ .h T y ■ 'J r 1 CC ' 0r f ° r nuorcsccncc X W or the substage condenser for laser beams and a photo 
5? P l lcaSI f <he aforc " ,e »"wcd «'fihl sensitive cell used in the aforementioned inspection process 

Clami 4) I he cva uation method of the semiconductor device according to claim I characterized by measurement including cither X-rav 
CUrVC mCaSUremCm - |,h ° t0,Umin ~ — ««• 01 *a«ered-.iglu oblation for two or IZc S 



(Translation done.) 



Page I of 4 



' NOTICI-S 1 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely 

2. **** shows the word which can not be translated. 
3 In the drawings, any words arc not translated. 



DETAH.KI) DESCRIPTION 



[Detailed Description of the Invention] 
[000 1 J 



f 1 he technical field to winch invention belongs] this invention relates to the equipment and the method for carrying out non-destrovine 
evaluation of the thickness of the thin film formed on the semiconductor substrate, composition, a luminescence property the crWal 
|0002] ClC * Hl 3 m ° rC CValuation w > ui P |ncnl and lnc evaluation method of a semiconductor substrate. ' 

[Description of the Prior Art) About an example of the evaluation method of the conventional semiconductor substrate, the case where the 

T ^ 0Wn c P llaxial, y on lhc semiconductor substrate is evaluated is taken and explained to an example 
0003 It is common to carry out the laminating of the dozens of layers supeMhin film of lOnm of numbers from several nm in thickness 
by epitaxial growth with a heterojunction compound semiconductor epitaxial wafer with highlyclTicicnt-izing of a device etc In such a* 
thin 1.1m, it is difficult to maintain the thickness of each class, composition, the concentration of doping, the sleep nature of an interface 
etc. with sufficient repeatability, and many properties of a thin Him will be changed for every growth batch. For this reason in a 
semiconductor manufacturing technology, after forming a thin film in a semiconductor substrate, while establishing a thin film evaluation 
^l^mmSff^ ° f " SCmlC0nduC,0r M <> « is —* 10 «"* * P-meter of thin film deposition systems 
(0004] Dr?.v»«« Q is a flow chart which shows the procedure of the conventional evaluation method roughly 
[00()5| As shown m ■ - by the conventional evaluation method, first, a thin film is grown epitaxially to all the semiconductor 

waters ol the same batch (S901 ), then the semiconductor wafer for evaluation is sorted out from these semiconductor wafers (S902) And 
mm * 6 cvalual, °" summations arc performed one by one about the semiconductor wafer sorted out. 

0006 And tins semiconductor wafer is set in film quality evaluation equipment, and film quality of an epitaxial growth phase is inspected 
(SAW). In ..lis l.lu. .Jul,,;) alter selling a semiconductor nalW io the wafer stage of an oblige iichi liluininuiion unit, c-nmiine of the 
number oi the particle of the whole semiconductor wafer surface is carried out using the surface contamination lest equipment and the 
optical microscope which arc called a particle counter. 1 
[0007] Next, this semiconductor wafer is conveyed, it sets to the wafer stage of X diffraction equipment, and the rocking curve of an 
epitaxial growth phase is measured about arbitrary setting positions (S904). In this measurement, an X-ray is irradiated from X line source 
at an ep.taxia growth phase, and the optical intensity of the diffracted light is measured by the scintillation counter. Thereby, composition 
of an epitaxial growth phase, thickness, etc. can be specified. 

[0008] Then, this semiconductor wafer is conveyed, it sets to die wafer stage of PL (Photo Luminescence) evaluation equipment and the 
uminescencc intensity of photograph luminescence is measured about arbitrary setting positions (S905). According to measurement of this 
^r^d CnCe mtCnSUy ' luminCSCCncC wavclcn 6 lh of the semiconductor laser manufactured using this semiconductor wafer can be 

K! I*™' baSCd | 0n - th ! r i SU ,cn°L? Ch °J thcSC P r °P erties (S903-S905), the quality of the thin film quality of the semiconductor wafer of 
fvll« ,^ nCC T ? (S906) ' AS f °I qUaHty cvaluaUon > accordi "g to this invention person's etc. examination, it is desirable to 
examine the rcsu t of each above-mentioned property separately, not to judge it, but to associate these properties mutually and to judge 
them. For example, even if the property (namely, number of particle) measured with the oblique light illumination unit was a "defect" 
when the property measured with X diffraction equipment or PL evaluation equipment is very good, it may make quality evaluation ' 
good. I t is because the yield is made to fall more than required and it becomes the cause of manufacturing-cost elevation, when any one 
kind of the inspection item becomes a "defect" and it always judges quality evaluation to be a "defect." Here, the mutual relevance of each 
propcrtychanges with the kind of semiconductor device produced using the semiconductor wafer concerned, degrees of integration uses 
etc.. and is exponentially determined by comparing the measurement result of each above-mentioned properly with the final eood of a ' 
semiconductor device /poor judgment result etc. 

[001 0] And only when such quality evaluation is cleared other semiconductor wafers of the batch concerned arc thrown into the following 
manufacturing process. ° 



fOOll] 



[Problems to be Solved by the Invention] As mentioned above, it is common that the film quality evaluation of a semiconductor wafer 
estimates based on the measurement result about two or more kinds of properties. Thus, since different evaluation equipment for every 
parameter was conventionally used when two or more kinds of measurement was performed, the semiconductor wafer had to be transported 
for every measurement and it had to set to the wafer stage. For example, in the case of the evaluation method shown in drawing 9 . it will 
be necessary to ijansport a semiconductor wafer in order of oblique light illumination unit -> X diffraction equipment ->P1 . evaluation 
equipment, hor this reason in the conventional evaluation method, in order to conduct inspection of two or more items about the same part 
markM elt° n ' ° f "* evalualion par1 of a semiconductor wafer needed to be carried out with the felt-tipped 

(0012] however, since marking by this fell-tipped marker etc. makes a semiconductor wafer pollute, and it is not nondestructive inspection 
namely.. .1 cannot throw into a subsequent manufacturing process the semiconductor wafer by which marking was carried out Tnat is. by 
lhc conventional method, only (he semiconductor wafer which did not pass through the above evaluation processes is thrown into a 
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subsequent manufacturmg process, l or this reason, when the defective of a semiconductor device occurs in a subsequent manufacturing 
fft^ k "'77 a ,' reSUl1 T ' he pr0pCrty ° nhe semiconductor used for manufacture of the defective is not left behind 
cvaluiValtc ^ PCrf ° rmmg marki " 8 - problcms ' ,ike lherc is no repeatability in the precision of the position which 

1 .^i; 1 , ^^^k*" b> ' th ° c " nvemi ? nal cvalua,ion mc,hod . " considered that the measurement result about the semiconductor wafer of the 
SeLS TZ ~ 5? T 0t T ' CC J r d 1 eed 10 b °, a d , efCC "' Ve iS ' he Pr0pcny of "* semiconductor wafer used for manufacture of this 
t „m ™Ei f , , a ?' yS,S ? f ! hC mulUal relcvancc of cach P ro P en >' For ,his reason . mu, «m relevance about each property 
S f ***** slr,cll >'- a « d *e Pliability of the evaluation to the film quality of a semiconductor wafer was low * 

Li , S".'. Z T L " ,C semiconduc,or wafe ' "hich «n be thrown into a manufacturing process may originally not only be 
judged to be a defect", but the semiconductor wafer which should be made into a "defect" will originally be thrown into a manu aXine 
process, the rehab, ,.y of the evaluation lo the film quality of a semiconductor wafer also causes the fall of the ^in^SSSrf. 

t!", T ve c ;^. in a low **• ,hc rciiabiii,y ° rthc cvaiua,ion i ° fi,m " i,8ii,y * -«*^ssi - a 

S^Tr'' Si ? C 7 lranSfef ° f " semiconductor wafcr a » d ■ setup of an evaluation position would take a long time when transporting 

'T"' 1 a "f, f ,ing '1 3 W,fCr S ' agC Hke l " e CValua,i °" mC,h0d sh(wn in d ^ . .here was ffi 
lault that the duration of an evaluation process will become long. 

EnteS in ViCW ° f faU " ° f SUCh ConVCmionil1 «*hnology, and aims a. offering the evaluation method of a reliable 

10018) 

£™ 1 fwMl V S a ^ r0bl n m ' Sub n rate main,Cna,,Ce prOCCSS in which ,he position and m & k of ,h « aforementioned semiconductor 

n ,hl t h v , '. ,, " S 1 mS,a " a,IOn baSC "? adjuSled by thc comrollcr aftcr ,a >' in « lhe semiconductor substrate for the evaluation 
method of the semiconductor substrate concernmg this invention evaluating in an installation base, Two or more kinds of evaluation light 
used lor wo or more k.nds of evaluattons is irradiated sequential or simultaneous through the same optical path a. the aforementioned 

mlSS £l£ T y ° VT kmdS ° r ' ,eh ' SenS " ivC CC,ls ' res P« tivc| y Ttoo or more aforementioned kinds of properties 
ril!Z7 P wh,ch u m , eas 1 ure » ,wo or mor « kinds of properties of the aforementioned semiconductor substrate, and 
■tZSSZXEES ? C °,7,r"^ W " h "' e g °°, d t0 ,he scmiconduclor dcvi « P«> d «ecd fro... the aforementioned semiconductor 
„roc « I h .T, 8 k S ,n f CC " 0 " pr ° tCSS ' r r JU(igmc,M resu "- il is characterized by having the error-criterion decision 
process uhich determines or changes the error criterion of the aforementioned semiconductor substrate. 
|U019| 

S,n^M S ° f r hC '"Tr i0nl "T""' ' f T raIi0n gCSta " ° f ,his invcn,ion is ex P |aincd ,aki "a «•« case of the case where the 
semiconductor wafer used lor manufacture of thc transistor for Ill's is evaluated. 

IjKCOj Qasm I » *e conceptual diagram showing the composition or thc evaluation equipment used for this operation gestall 

|< 02l | In Hus,!,,.,,^. the water sta ? c 101 holds the scmiconduct,.., »;,fcr 1 10. Th, drive of nw.oau-n: ... uV dirocii. f \ -lie Utcc- .•■ 

fheta rotation, and phi rotation is possible for this wafer stage 101. Hen:, movement to the direction' of X. the ' " 
0 001 ! degroes 0 So. df™ " C ° nlr ' I - micr0mcter S,C P- Moreovcr > rotadn » e«n eon.ro. phi rotation by the pitch of 
El.™ I! e !h S ° UrCC 102 iS C4UippCd Wi "' C ° PPCr 0r X lint source ^ eilhcr an e,,closurc P*P« <>r « rotating target is OK) of 

SriuT E ( rT y V an X " fay and . a ,ascrbcam ) irrad iated from each of these light sources on thc same optical axis. 

rmZ drive I. T2 ^fSl I"? "* k ^ '°, 2 ?2 make ' hc pCfiphery ,op which makts thc wa(w sta « e 101 tbe ^«'<=r of 
rotation drive at the step of 0.0001 angle errors by control of thc control operation part 108 

H. A sc n inl ! llalion counter 103 is used in order to receive thc X-ray which irradiated from X line source of the light source section 102 
SEv? Ik T COnducto r r Wafer ' 10 fr ° nt face aj,d 10 measure °P ,ical inlensi, y- ™* scintillation counter^ cam make the 
operation part 108 like (hc light source of the light source section 102 

WSmSSH r^t" ,0 f " gM ab ° V ?5 Wafcr . S,age ,01 - Since luminc scence of the photograph luminescence when 
^T^l^l , g °' lftel, 8h source sectton 102 ts condensed to the semiconductor wafer I lOon thc wafer stage 101. and 
since the scattered light when trradiatmg the YAG-laser light of the light source section 102 is condensed, this substage condenser 104 is 

Ei« a - C ' riC ^ -°- aS W " 85 a f UbS ' age COndcnSM 104 is aITang<d ri 8 ht abov e the wafer stage 101. This electric eye 105 
IZl .^r 1 ' "" a T' a8e C ° ndCn T 104 mu,ually ' and 11 is hcld ^ ,hc drive system which ts not illustrated so that it can move 
Z™, v scn » conduclor «*r »0 on the wafer stage 101. Moreover, SSI) (Solid State Detector) which is the detector of 

• !L^i^^^^ and fl ~ c x rays gcnera,ed whcn an x - y is - diated a ' — 

Sit SpCC ' r °f 0PC 106 iS COnnCC,ed Wi(h (hc 0U,pul terminal of a subsIa e e c on d cnser 104 by the optical fiber. And the wavelength 

wav S d s£Zif :rr,r USi , n8 lhC ,igh,WaVt Signa ' inpuned from substage condenser .04. meaLrod 

wavelength distribution ts outputted from the signal output terminal (not shown) of a spectroscope 106 

K wK.ge l01 VeyanCC Sy$,em 107 C ° nVeyS ^ ^ lhC scmicondutlor * afw ' '0 contained by the cassette which is not illustrated 

KESJi ^ ' V Vt ^ a drive lt comro1 of ,he wafer conveyance system 107 while it performs position control of the 
«r ' I ^ source secuon 102, a scintillation counter 103, a substage condenser 104. and an electric eye 105, drive control 

sSaTStS °, f 1,16 ^n^r W3fCr ' 10 ^'-"^onedl. p n«hermorc, measurement data generated taX? 
tnc signal inputted from the electric eye 105 and thc spectroscope 

IhTproSielroSS 1 " 0 ° f ^ tM ° n ^ mm ° n geSU " " CXplained - Drawin ^ is a "ow chart which shows 

[0030] Orow a thin film cpitaxiaily lo all the semiconductor wafers 1 10 of thc same batch first (S201). The cross section of the 
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diaphragm structure of .he semiconductor wafer 110 used for drajvi^J with this operation gestalt is shown. As mentioned above, this 
semiconductor wafer 1 10 .s used for manufacture of the transistor for RFs. As shown in this drawing, with this operation gestalt, the half- 
insulat.on OaAs substrate 301 with a thickness of 600 micrometers is used as a semiconductor waferl 10. And in the from face of this 
kt^m " "J ',. hC , n0n toiKGM* 'ay« 302 of 500nm of thickness, the non dope InGaAs layer 303 (the composition ratio of In 

is about 0. 15) of lOnm of thickness, and 1 3 3x1018 high impurity concentration/cm in 40nm of thickness. It is [ the AIGaAs layer 304 (the 
omposn.on ratiool aluminum is about 0.2), and 1 3 5x1018 high impurity concentration/cm in 50nm of thickness. The laminating of the 

003 1 J By the evaluation method concerning this operation gestalt. about all the semiconductor wafers 1 10 in which the thin film was 
formed, the following evaluations arc performed and it differs from the conventional evaluation method mentioned above at this point This 
is because the evaluation method concerning this operation gestalt has realized nondestructive inspection 

10032] * Next, set to the wafer stage 1 0 1 the semiconductor wafer 1 10 evaluated first, and perform cage hula doubling (S202) This 
selling can be automatically performed using the robot (not shown) of the wafer conveyance system 107 

100331 *• Then, double the parallelism of the semiconductor wafer 1 10 set to the wafer stage 101 (S203). The Z-nxis and theta shaft arc 
adjured ,n this ahgnmcnt, irradiating an X-ray in parallel from X line source or the light source section 1 02 at the semiconductor wafer 
1 10, and carrying out the monitor of the intensity of the reflective X-ray at this time by the scintillation counter 103. By this adjustment an 
error can obtain the parallelism of less than 0.001 degrees. 1 
10034] *• And perform X-ray fluorescence as inspection of (he beginning of the thin film formed in the semiconductor wafer 110 (S204) 
As mc.tt.oncd I above, at (his X-ray fluorescence, an X-ray is irradiated from X line source of the light source section 1 02 on (he thin film 
front face or (he semiconductor wafer 1 1 0, and the fluorescence X rays generated in a thin film a t this time are received by the electric eye 

05. Thereby, *«..«, 4 which can know the pollutant in a thin film is a graph which shows (he property acquired by doing in this way In 
this drawing, a vertical ax.s shows the relative intensity [cps] of fluorescence X rays, and the horizontal axis shows energy fkcV] As 
ri^T, m S drawin e'.- P - Fc ' and Zn arc contei i ,ctl '1 the semiconductor wafer 1 1 0 used for this operation gestalt as a oollutant 
0035 Next measure a rocking curve as the sc.ond mspect.on of a (hinTlim (S205). In this measurement an A-ray » irradiated on the 

m f. m front lace or the semiconductor wafer 1 10 fiom X line source, making it move at the angle with which it is [ X line source and the 
scmiillanon counter 103 ol the light source section 102 ] satisfied orilragg's principle. And the intensity or the diffraction X-ray at thi, 

SfaS), eTbc known C0Um ° r ™' ^ "* ""^ composilion ratio of ln in ,he lnGaAs la y cr m ( refcr 10 

|0036| P^BiMj >h a graph whieh shows .he property acquired by doing in this way. In this drawing, a vertical axis shows the relative 
intensity [cps] ol fluorescence X rays, and the horizontal axis shows the angle |a second] 

10037] Simultaneously with measurement (above-mentioned process ♦♦) oHi rocking curve, also perform 11, measurement as the third 
inspection 0 ra th.il film with this operation form ($205). In this measurement, a laser beam is irradiated from the argon laser of the light 
Zl^'i'm Th " SCmic " nduc, °' -;™ fcr 1 10 - and 'iS'" by the photograph luminescence at this time is condensed with a substage 
condenser 04. The spectrum ol the condensed l.ghl is sen. and carried out to a spectroscope 106 by the optical fiber as mentioned above it 
ctar.sej .» : :.■ ph.im multiplier in this spairoseupe I'Vi. and •< sen; !.-. vvniro! operation r . |<o; \ v ( ' ■„•., ,.| .•„>■■ •. •;> .... ,.. ,. 
condensing m.ens.ty is computed by the control operation pan 108. By the result of this Vi. measurement, the luminescence wavelength 
when manufacturing semiconductor laser fiom the semiconductor wafer 1 10 concerned can be known 

VS T, \ 15 8raph wh ! ch L sl,ow:i ,hc by *»'"ng in this way. In this drawing, a vertical axis shows (he relative 

S^^SSX , gK ™?i lh ". h ? riMn ! at "**<"" ,hc wave,c "8* Ml orphotolumincsccnce light. Thereby, it turns out 
Jial luminescence from the quantum well which consists of InGaAs is near 965nm. 

100391 Then, observe the scattered light as the fourth inspection or a thin film (S206). In this observation, the laser beam which 

!~ "! e bcam dlame ' cr 10 1 micrometer is irradiated from the YAG laser or the light source section 1 02 at the semiconductor wafer 

10. And the scattered fight at (his lime is condensed with a substage condenser 104. Other angles are sufficient although the degree or 

illuminating angle or a laser beam may be the same as (hat or the case (above-mentioned process ♦♦) orPL measurement at this lime 

«22X?' ,S pos , 5lblc u b y scanni "8 the wafcr sta S c 101 on a X-Y side to take the mapping image or the scattered light. 

10040] By extracting a laser bcam to about I micrometer, a laser beam enters in a thin film, a defective part is reached, and dispersion 

rmL"i i n' nCreaS ?' M . oreovcr ' " becomes possible by mapping to measure the distribution or (he defect in a (hin film 

I.UU4 1 J Urawmo 7 , s the conceptual diagram showing the defective distribution obtained by doing in this way. In this drawing, (a) is the 

aegfeC mC an8 ' e ° f 3 laser beam is 1 5 - 1 dcerces ' and (b) is the where lhis d *l™ 0{ incidcn ' wgle «» 0.2 

l ^l 2 } U, ; s l °P eration 8 e ? la "- since lhc an 8 lc of a semiconductor wafer is set up through an X-ray (above-mentioned process »♦) the 
repeatability of the degree of illuminating angle of a laser bcam can be raised, and, for this reason, low angle incidence becomes easy 
JT?' S ' nct r p ' ec !? on dependence becomes strict, it becomes possible to get to know the distribution of a defect to the 

depth direction , of s i thin film, and, for this reason, only the defect in a thin film can be measured. In the GaAs substrate 301 (refer to 

Scdtto ,n '. K l ? ?'"Vl C IT' ,W ° C ? 1 ? individUa ' Um 1 CtyStl] dcfcct is conlaincd - " is ver V im P° rtanl 10 sc P arale evaluate 
tne detect in a substrate and the defect in a thin film. 

if «riVrP^ ,Ua,C *! ? Ua ]cL 0 i" "2,^" film quality of 'he semiconductor wafer 1 10 orthe batch concerned after that based on the result 
2S£. ' "7 " (S2 . W " S2 ° 6 rCfCrenCC) (S207) - ™ e rCSu11 of Mch "bove-mentioned property is examined separately, and this 
ffi^' 0 "^ n .° ,JU v. deC ": bU ' aSS ° CiateS ,hcSC propcrties mutual| y 'hem. For example, even ifthc evaluation by a part 

' S 3 / ' * Cn 0ther ,ns P cc,lon rcsults are vcr y good, it may make final quality evaluation "good." 
0044 Moreover, when required, the parameter or an epitaxial growth system is changed according to the result oreach property. 
52 7 e J° n ' y the sem,c .°nductor wafer 1 10 which cleared such quality evaluation is thrown into the following manufacturing process 
SLa" , , (here transistor for RFs) using this semiconductor wafer 1 10 is completed, the quality ofthis 

^conductor dev.ee will be evaluated and final good/defect will be determined (S208). 

[0046] • At the end. change the error criterion or the semiconductor wafer 1 10 for the quality evaluation result of the completed 
equipment ,f needed as compared with the evaluation result oreach property orthe semiconductor wafer 1 10 (S209). Moreover, if required 
ZFT%° f T^ f ? r ° Wth S ? StCm Wi " ak0 te chan 8 cd accordin 8 to cha ngc of this error criterion. Thus, the relation between ' 
™, CT , u cn,c " on ? f * ^"y is «perientially determined by comparing with the final good ofa semiconductor device / 
poorjudgment result which produced the measurement result oreach above-mentioned property from the semiconductor wafcr 101 
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concerned. 



1<)(M7| An example of in.nsil.on of the yield of a final semiconductor device (here transistor for Rl-'s) al the time of using this operation 
gestalt for draivmgi , and evaluatmg the semiconductor wafer 1 10 is shown. In this drawing, » vertical axis is a yield <%\ and a horizon.al 
ax.s .sa lot number. Moreover, a white round head is the case where the evaluation method of this operation gcs.nl. is used and a blade do. 
is the case where the conventional evaluation method (refer to clmwjog9) is used. 

[0048J As shown in this drawing, according to this operation gestalt, the yield ofa semiconductor device was able lo be reduced 30% on 
the average, and d.spersion in the yield for every lot was also able to be suppressed further. This is because this operation gestalt has 
realized nondestructive mspcct.on. That is, according to this operation gestalt. when the defective ofa semiconductor device occurs in a 
subsequent manufacturing process, based on the own measurement result of a semiconductor wafer used for manufacture of the defective 
(he mutual relevance ot each property is analyzable, and it is as a result of [ of other semiconductor wafers 1 10 of the same batch I 
measurement and .t is not necessary to substitute, for this reason, since the mutual relevance about each property is strictly analytic the 
Z be* miscd '° q, ' a ' ity ° f * semiconduc,or Sllbs!rate can * increascd - ^ *e reliability 'of evKn 

H,!^ C T W, ,rT"? 10 l hiS ° PC ?" i0n 8CSta ' 1, SinCe ° nCC i$ sullicicm as ,he lransfcr of a semiconductor substrate, or a setup of an 
(0050| Juration ol an evaluation process can also be shortened. 

IteSlStl'^W iS , e 1 C , Ctive - Whc " rcduci "S ,hc manufacturing cos. ofa semiconductor device, since according to (his invention 
the evaluation method of a reliable semiconductor substrate can be offered and improvement in the yield of a semiconductor device and 
shortening of cvaluauon time can be aimed at by .his, as explained to the detail above 
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♦ NOTlCliS • 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This i document has been translated by computer. So the translation may not reflect the original precisely 

2. *•♦• shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 

TKCHNICAL F1KI.D ^ ~~ ~ ~~ 



ISSSh^-S « on Wongs] tins mvcnlion relates to the equipment and the method for carrying out non-destroying 

5 ?TT f ^ V K 1 )m f ° rmCd ° n thc ^«»*«tor substrate, composition, a luminescence property, the crystal 

detect, etc. at a detail more about the evaluation equipment and thc evaluation method of a semiconductor substrate 



(Translation donc.j 
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* NOTICRS * 



Japan Patent Office is not responsible for any 
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PRIOR ART 



[Description of the Prior Art] About an example of the evaluation method of the conventional semiconductor substrate, the case where the 
thin film grown cpitaxially on the semiconductor substrate is evaluated is taken and explained to an example. 

[0003] It is common to carry out the laminating oflhc dozens of layers supcMhin film of lOnm of numbers from several nm in thickness 
by epitaxial growth with a hcteroj unction compound semiconductor epitaxial wafer with highly-efficicnM/Jng of a device etc. In such a 
thin him, it is difficult to maintain the thickness of each class, composition, the conccntralion of doping, the sleep nature of an interface 
etc. with sufficient repeatability, and many properties of a thin film will be changed for every growth batch. For this reason in a 
semiconductor manufacturing technology, after forming a thin film in a semiconductor substrate, while establishing a thin film evaluation 
process and sorting out the good/defect of a semiconductor substrate, it is necessary to correct the parameter of thin film deposition systems 
(MM: equipment or MOCVD system). 

10004] Piawing j) is a flow chart which shows the procedure of the conventional evaluation method roughly. 
10005] As shown in drawing 9 , by the conventional evaluation method, first, a thin film is grown cpitaxially to all the semiconductor 
wafers of the same batch (S90I), then the semiconductor wafer for evaluation is sorted out from these semiconductor wafers (S902) And 
the following evaluation examinations are performed one by one about the semiconductor wafer sorted out. 

miconductor wafer is set in film quality evaluation equipment, and film quality of an epitaxial growth phase is inspected 
(SJ03). In this film quality, after setting a semiconductor wafer to the wafer siagc of an oblique light illumination unit, counting oflhc 
number ol the particle of the whole semiconductor wafer surface is carried out using the surface contamination test equipment and the 
optical microscope which are called a particle counter. 

|()007] Next, this semiconductor wafer is conveyed, it sets to the wafer stage of X diffraction equipment, and ihc rocking curve of an 
epitaxial growth phase is measured about arbitrary setting positions (S904). In ihis measurement, an X-ray is irradiated from X line source 
at an epitaxial growth phase, and the optical intensity oflhc diffracted light is measured bv the scintillation counter. Thereby composition 

v»; :v.\ ^i!.:\r,». vwM pi;:so. c i. v.n bo >;w:u"l 

I00OXJ Then, this semiconductor wafer is conveyed, it sets to the wafer stage of PI. (Photo Luminescence) evaluation equipment and the 
umincscencc intensity of photograph luminescence is measured about arbitrary setting positions (S905). According to measurement of Ihis 
luminescence intensity, the luminescence wavelength of the semiconductor laser manufactured using this semiconductor wafer can be 
specified. 



[00091 Then, based on the result of each of these properties (S903-S905), the quality oflhc thin film quality oflhc semiconductor wafer of 
the batch concerned is judged (S906). As for this quality evaluation, according to this invention person's etc. examination, it is desirable to 
examine the result of each above-mentioned property separately, not to judge it, but to associate these properties mutually and to judec 
them. For example, even if the property (namely, number of particle) measured with the oblique light illumination unit was a ' , defcct n 
when the property measured with X diffraction equipment or PL evaluation equipment is very good, it may make quality evaluation 
good It is because the yield is made to fall more than required and it becomes the cause of manufacturing-cost elevation, when any one 
kind of the inspection item becomes a "defect" and it always judges quality evaluation to be a "defect." Here, the mutual relevance of each 
property changes with the kind of semiconductor device produced using the semiconductor wafer concerned, degrees of integration, uses, 
etc., and is cxpenentially determined by comparing the measurement result of each above-mentioned property with the final good of a 
semiconductor device / poor judgment result etc. 

(001 0] And only when such quality evaluation is cleared, other semiconductor wafers of the batch concerned arc thrown into the following 
manufacturing process. 
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KI-T'ECT OF THE INVENTION 



[Effect of the Invention] It is effective, when reducing the manufacturing cost of a semiconductor device, since according to this invention 
the evaluation method of a reliable semiconductor substrate can be offered and improvement in the yield of a semiconductor device and 
shortening of evaluation time can he aimed at by this, as explained to the detail above. 
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TECHNICAL PRODI, KM 



(I roblcm(s) to be Solved by the Invention] As mentioned above, il is common that the film quality evaluation of a semiconductor wafer 
estimates based on the measurement result about two or more kinds of properties. Thus, since different evaluation equipment for every 
parameter was conventionally used when two or more kinds of measurement was performed, the semiconductor wafer had to be transported 
for every measurement and it had to set to the wafer stage. I'or example, in the case of the evaluation method shown in dr awing 9 it will 
be necessary to transport a semiconductor wafer in order of oblique light illumination unit -> X diffraction equipment ->PL evaluation 
equipment. l or this reason, in the conventional evaluation method, in order to conduct inspection of two or more items about the same part 
of a semiconductor wafer front face, marking of the evaluation part of a semiconductor wafer needed to be carried out with the felt-tipped 
marker etc. 1 1 

|00l 2] however, since marking by this fclt-tippcd marker etc. makes a semiconductor wafer pollute, and it is not nondestructive inspection 
namely,, it cannot throw into a subsequent manufacturing process the semiconductor wafer by which marking was carried out That is by 
the conventional method, only the semiconductor wafer which did not pass through the above evaluation processes is thrown into a 
subsequent manufacturing process. Kor this reason, when the defective of a semiconductor device occurs in a subsequent manufacturing 
Cni n 7 1MSUrCmCnl re$ul1 ab ° Ut lhe of the semiconductor wafer used Tor manufacture of the defective is not left behind 

[00 3] On the other hand, in not performing marking, problems, like there is no repeatability in the precision of the position which 
evaluates arise. 1 

[0014] Therefore, by the conventional evaluation method, it considered that lhe measurement result about the semiconductor wafer of the 
same hatch as the semiconductor device judged to be a defective is the property of the semiconductor wafer used for manufacture of this 
defective, and was used for the analysis of the mutual relevance of each property. For this reason, mutual relevance about each property 
could not be analyzed strictly, and the reliability of the evaluation to the film quality of a semiconductor wafer was low. 
[00 1 5| I hus. a low case, since the semiconductor wafer which can be thrown into a manufacturing process may original ly not only be 
.IJueiM in I*- a "dcfcci". bill the semiconductor wafer iwikii should be nude into a "defect" will orieiiu.llv be thrown inm a manufrciu'ta- 
process, the reliability of the evaluation to the film quality of a semiconductor wafer also causes the fall of the vicld in final evaluation of a 
semiconductor device. I herefore, in a low case, the reliability of the evaluation to film quality will become I the manufacturing cost of a 
semiconductor device ] very large. 

[0016] Moreover, since a transfer of a semiconductor wafer and a sctup'of an evaluation position would take a long time when transporting 
a semiconductor wafer for every measurement and setting to a wafer stage like the evaluation method shown in drawing 9 . there was also a 
fault that the duration of an evaluation process will become long. 

[001 7] this invention is made in view of the fault of such conventional technology, and aims at offering the evaluation method of a reliable 
semiconductor substrate. ■ 
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MKANS 



(Means for Solving the Problem) Substrate maintenance process in which the position and angle of the aforementioned semiconductor 
substrate which were laid in this installation base are adjusted by the controller afler laying the semiconductor substrate for the evaluation 
method of the semiconductor substrate concerning this invention evaluating in an installation base. Two or more kinds of evaluation light 
used for two or more kinds of evaluations is irradiated sequential or simultaneous through the same optica! path at the aforementioned 
semiconductor substrate on the aforementioned installation base from two or more kinds of light sources. By detecting the reflected light or 
the fluorescence at this time by two or more kinds of light sensitive cells, respectively Two or more aforementioned kinds of properties 
measured in the inspection process which measures two or more kinds of properties of the aforementioned semiconductor substrate, and 
this inspection process By comparing with the final good to the semiconductor device produced from the aforementioned semiconductor 
substrate which passed through this inspection process / poor judgment result, it is characterized by having the error-criterion decision 
process which determines or changes the error criterion of the aforementioned semiconductor substrate 
[0019] 

[Embodiments of the Invention] I lereafter, 1 operation geslalt of this invention is explained taking the case of the case where the 
semiconductor wafer used for manufacture of the transistor for RFs is evaluated, 

|0020] Dmwinu I is the conceptual diagram showing the composition of the evaluation equipment used for this operation gcstalt 
|002l] In mis drawing, the wafer stage 101 holds the semiconductor wafer 1 10. The drive of movement to the direction of X, the direction 
of Y, and a /. direction, theta rotation, and phi rotation is possible for this wafer stage 101. 1 Icre, movement to the direction of X, the 
direction of Y, and a 2 direction is controllable by the l-micromcter step. Moreover, theta rotation can control phi rotation by the pitch of 
0.00 1 degrees 0.000 1 degrees. 1 
[0022] The light source section 102 is equipped with copper or X line source (either an enclosure pipe or a rotating target is OK) of 
molybdenum, the argon laser (luminescence wavelength of 488nm), and the YAG laser (luminescence wavelength of 1 .06 micrometers) 
(neither is illustrated.!, l-'unhcnrnirc ihi» Sis-las source section 102 is equipped wiih the mirr,:: and esalvMii!* crvsi::! (nether is iihwinuod} !;« 
drawing the evaluation light (namely, an X-ray and a laser beam) irradiated from each of these light sources on the same optical axis. 
Moreover, each light source of the light source section 102 can make the periphery top which makes the wafer stage 101 the center of 
rotation drive at the step of 0.000 1 angle errors by control of the control operation part 1 08. 

[0023] A scintillation counter 103 is used in order to receive the X-ray which irradiated from X line source of the light source section 102. 
and was reflected on semiconductor wafer 1 10 front face and to measure optical intensity. This scintillation counter 103 can make the 
periphery top which makes the wafer stage 101 the center of rotation drive at die step of 0.0001 angle errors by control of the control 
operation part 1 08 like the light source of the light source section 1 02. 

[0024| The substage condenser 104 is arranged right above the wafer stage 101. Since luminescence of the photograph luminescence when 
irradiating the argon laser light of the light source section 102 is condensed to the semiconductor wafer 1 10 on the wafer stage 101 and 
since the scattered lighl when irradiating the YAG-laser light of the light source section 102 is condensed, this substage condenser 104 is 
used. 

[0025] The electric eye 105 as well as a substage condenser 104 is arranged right above the wafer stage 101. This electric eye 105 
exchanges a position for a substage condenser 104 mutually, and it is held by the drive system which is not illustrated so that it can move 
onto the core of the semiconductor wafer 1 10 on the wafer stage 101. Moreover, SSD (Solid State Detector) which is the detector of 
fluorescence X rays as this electric eye 105 is used, and the fluorescence X rays generated when an X-ray is irradiated at the semiconductor 
wafer 1 1 0 on the wafer stage 1 0 1 arc received. 

(0026) The spectroscope 106 is connected with the output terminal of a substage condenser 104 by the optical fiber. And the wavelength 
distribution of condensing intensity is measured using the lightwave signal inputted from the substage condenser 104. The measured 
wavelength distribution is outputted from the signal output terminal (not shown) of a spectroscope 106. 

[0027] 1 ne wafer conveyance system 107 conveys and sets the semiconductor wafer 1 10 contained by the cassette which is not illustrated 
to the wafer stage 101. 

[0028] The control operation part 108 performs drive control of the wafer conveyance system 107 while it performs position control of the 
wafer stage 101, the light source section 1 02, a scintillation counter 103, a substage condenser 104, and an electric eye 105, drive control 
etc. and measures the property of the semiconductor wafer 1 10 (after-mentioned). Furthermore, measurement data is generated based on 
the signal inputted from the electric eye 105 and the spectroscope 1 06. 

[00291 Next, the procedure of the evaluation method concerning this operation gcstalt is explained. Drawino 2 is a flow chart which shows 
this procedure roughly. 

[0030] Grow a thin film epitaxially to all the semiconductor wafers 1 10 of the same batch first (S20I). The cross section of the 
diaphragm structure of the semiconductor wafer HO used foMrawipp. 3. with this operation gcstalt is shown. As mentioned above, this 
semiconductor wafer 1 10 is used for manufacture of the transistor tor ki-sl As shown in this drawing, with this operation gestalt, the haif- 
insulation GaAs substrate 301 with a thickness of 600 micrometers is used as a semiconductor wafer 1 10. And in the front face of this 
GaAs substrate 301, it is [ the non dope GaAs layer 302 of 500nm of thickness, the non dope InGaAs layer 303 (the composition ratio of In 
is about 0.15) of lOnm of thickness, and ] 3 3x1018 high impurity concentration/cm in 40nm of thickness. It is ( the AIGaAs layer 304 (the 
composition ratio of aluminum is about 0.2), and J 3 5x1018 high impurity concentration/cm in 50nm of thickness. The laminating of the 
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GaAs 

100311 By the evaluation method concerning this operation gcstalt, about nil the semiconductor wafers 1 10 in which the thin film was 
formed, the following evaluations are performed and it differs from the conventional evaluation method mentioned above at this point. This 
is because the evaluation method concerning (his operation gcslalt has realized nondestructive inspection. 

|0032] ** Next, set to the wafer stage 10! the semiconductor wafer 1 10 evaluated first, and perform cage hula doubling (S202). This 
setting can be automatically performed using the robot (not shown) of the wafer conveyance system 1 07. 

[0033| ** Then, double Ihc parallelism of the semiconductor wafer 1 10 set to the wafer stage 101 (S203). The /-axis and thcta shaft are 
adjusted in this alignment, irradiating an X-ray in parallel from X line source of the light source section 102 at the semiconductor wafer 
1 10, and carrying oul the monitor of the intensity of the reflective X-ray at this time by the scintillation counter 103. By this adjustment, an 
error can obtain the parallelism of less than 0.001 degrees. 

(0034J *♦ And perform X-ray fluorescence as inspection of the beginning of the thin film formed in the semiconductor wafer 1 10 (S204). 
As mentioned above, at this X-ray fluorescence, an X-ray is irradiated from X line source of the light source section 102 on the thin film 
front face of the semiconductor wafer 1 10, and the fluorescence X rays generated in a thin film at this lime are received by the electric eye 
105. Thereby, drawing 4 which can know the pollutant in a thin film is a graph which shows the properly acquired by doing in this way. In 
this drawing, a vertical axis shows the relative intensity [cps] of fluorescence X rays, and the horizontal axis shows energy [kcV]. As 
shown in this drawing, P, Fc, and /,n are contained in the semiconductor wafer 1 10 used for this operation gestall as a pollutant. 
[0035| ♦* Next, measure a rocking curve as the second inspection of a thin film ($205). In this measurement, an X-ray is irradiated on the 
thin film front face of the semiconductor wafer 1 10 from X line source, making it move at the angle with which it is [ X line source and the 
scintillation counter 103 of the light source section 102 1 satisfied of Hragg's principle. And the intensity of the diffraction X-ray at this 
time is measured by the scintillation counter 103. With this rocking curve, the composition ratio of In in the InGaAs layer 303 (refer to 
cirawino 3 ) can be known. 

[OOibj .Drawing j is a graph which shows the property acquired by doing in this way. In this drawing, a vertical axis shows the relative 
intensity [:ysj oi fluorescence X rays, and the horizontal axis shows the angle |a second]. 

(0037) ** Simultaneously with measurement (above-mentioned process ♦*) of a rocking curve, also perform PL measurement as the third 
inspection of a thin film with (his operation gcstalt (S205). In this measurement, a laser beam is irradiated from the argon laser of the light 
source section 102 at the semiconductor wafer 1 10, and the light by the photograph luminescence at this lime is condensed with a substagc 
condenser 104. The spectrum of the condensed light is sent and carried out ton spectroscope 106 by the optical fiber as mentioned above, it 
is changed by the photo multiplier in this spectroscope 106, and is sent to the control operation part 108. And the wavelength distribution of 
condensing intensity is computed by the control operation part 108. By the result of this PL measurement, the luminescence wavelength 
when manufacturing semiconductor laser from the semiconductor wafer 1 10 concerned can be known. 

(0038) is a graph which shows the property acquired by doing in this way. In this drawing, a vertical axis shows the relative 
intensity of photo luminescence light, and the horizontal axis shows the wavelength |nm] of phololumincsccnce light. Thereby, it turns out 
that luminescence from the quantum well which consists of InGaAs is near 965nm. 

|«HJj ; )| fhen. riwnc i J s v *-u:avJ li^hi ns the fo::rih ,n<p*\:i (>:':» thin film (S20"» !:; .•• .: : r: !.:• :: !■..;:, \\b'\ '; 

extracted the beam diameter to I micrometer is irradiated from the YA(i laser of the light source section 102 at the semiconductor wafer 

1 10. And the scattered light at this time is condensed with a substagc condenser 104. Other angles arc sufficient although the degree of 

illuminating angle of a laser beam may be the same as that of the case (above-mentioned process M ) of PL measurement at this time. 

Moreover, it is also possible by scanning the wafer stage 101 on a X-Y side to take the mapping image of the scattered light. 

[0040] By extracting a laser beam to about 1 micrometer, a laser beam enters in a thin film, a defective part is reached, and dispersion 

intensity increases. Moreover, it becomes possible by mapping to measure the distribution of the defect in a thin film. 

[004 1] Drawing 7 is the conceptual diagram showing the defective distribution obtained by doing in this way. In this drawing, (a) is the 

case where the degree of incident angle of a laser beam is 15. 1 degrees, and (b) is the case where this degree of incident angle is 0.2 

degrees. 

[0042] With this operation gcstalt, since the angle of a semiconductor wafer is set up through an X-ray (above-mentioned process **), the 
repeatability of the degree of illuminating angle of a laser beam can be raised, and, for this reason, low angle incidence becomes easy. 
Moreover, since the precision of angular dependence becomes strict, it becomes possible to get to know the distribution of a defect to the 
depth direction of a thin film, and, for this reason, only the defect in a thin film can be measured. In the GaAs substrate 301 (refer to 
djrawjnpjj ), it is 104. Since the about two cm f an individual / cm ) crystal defect is contained, it is very important to separate and evaluate 
the defect in a substrate and the defect in a thin film. 

[0043) ** Rvaluate the quality of the thin film quality of the semiconductor wafer 1 10 of the batch concerned after that based on the result 
of each of these properties (S204 - S206 reference) (S207). The result of each above-mentioned property is examined separately, and this 
quality evaluation does not judge it, but associates these properties mutually and judges them. For example, even if the evaluation by a part 
of inspection is a "defect", when other inspection results arc very good, it may make final quality evaluation "good." 
[0044] Moreover, when required, the parameter of an epitaxial growth system is changed according to the result of each property. 
[0045] Then, only the semiconductor wafer 1 10 which cleared such quality evaluation is thrown into the following manufacturing process 
(S208). And if the semiconductor device (here transistor for RFs) using this semiconductor wafer 1 10 is completed, the quality of this 
semiconductor device will be evaluated and final good/defect will be determined (S208). 

[0046] •* At the end, change the error criterion of the semiconductor wafer 1 10 for the quality evaluation result of the completed 
equipment if needed as compared with the evaluation result of each property of the semiconductor wafer 1 10 (S209). Moreover, if required, 
the parameter of an epitaxial growth system will also be changed according to change of this error criterion. Thus, the relation between 
each property and the error criterion of a quality is experientially determined by comparing with the final good of a semiconductor device / 
poor judgment result which produced the measurement result of each above-mentioned property from the semiconductor wafer 101 
concerned. 

[0047] An example of transition of the yield of a final semiconductor device (here transistor for RFs) at the time of using this operation 
gcstalt for rfrawine 8 , and evaluating the semiconductor wafer 1 10 is shown. In this drawing, a vertical axis is a yield (%) and a horizontal 
axis is a lot nuinocr. Moreover, a white round head is the case where the evaluation method of this operation gestalt is used, and a black dot 
is the case where the conventional evaluation method (refer to drawing § ) ts used. 

[0048] As shown in this drawing, according to this operation geamiu me yield of a semiconductor device was able to be reduced 30% on 
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the average, and dispersion in the yield for every lot was also able to be suppressed further, 'litis is because this operation gcstali lias 
realized nondestructive inspection. That is, according to this operation gestall, when the defective of a semiconductor device occurs in a 
subsequent manufacturing process, based on the own measurement result of a semiconductor wafer used for manufacture of the defective, 
the mutual relevance of each property is analyzablc, and it is as a result of [ of other semiconductor wafers 1 1 0 of the same batch ] 
measurement, and it is not necessary to substitute. For this reason, since the mutual relevance about each property is strictly analyzable, the 
accuracy of the error criterion to the film quality of a semiconductor substrate can be increased, and, thereby, the reliability of evaluation 
can be raised. 

[0049] F urthcrmore, according to this operation gestalt, since once is sufficient as the transfer of a semiconductor substrate, or a setup of an 
evaluation position, the duration of an evaluation process can also be shortened. 
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DESCRIPTION OK DRAWINGS 



[Brief Description of the Drawings) 

[Drawing i] It is the conceptual diagram showing the composition of the evaluation equipment used for I operation gestalt of this 
invention. 

iDrawing 2] It is the How chart which shows the procedure of the evaluation method concerning I operation gestalt of this invention. 
IDntwjtjg 31 It is the cross section showing the diaphragm structure of the semiconductor substrate used with 1 operation gestalt of this 
invention. 

IDrafidfljlW It is the graph which shows the X-ray fluorescence result obtained by the evaluation method concerning I operation gestalt of 
this invention. 

[Drawin gJl It is the graph which shows the rocking curve obtained by the evaluation method concerning I operation gestalt of this 
invention. 

[Drawing 6J It is the graph which shows the measurement result of the photoluminescencc obtained by the evaluation method concerning 1 
operation gestalt of this invention. 

IDrdwjngi] It is drawing showing notional!)' the defective disiribution ohtained by the evaluation method concerning 1 operation gestalt of 
this invention, and, for (a), this degree of incident angle is the case where (h) is 0.2 degrees when the degree of incident angle of a laser 
beam is 15.1 degrees. 

[Drawing 8] It is the graph which shows an example of transition ol* the yield of a final semiconductor device at the time of performing the 
evaluation method concerning I operation gestalt of this invention. 

U2rdwjnej91 It is the flow charl which shows the procedure of the conventional evaluation method roughly. 
[Description of Notations] 
10] Wafer Stage 

■ 'i j . • y. !" • 

103 Scintillation Counter 

104 Substagc Condenser 

105 Electric Eye 

106 Spectroscope 

107 Wafer Conveyance System 

108 Control Operation Part 
U0 Semiconductor Wafer 
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